el WETLANDS RESEARCH PROGRAM

f E!‘iginegrs TECHNICAL REPORT WRP-DE-16

atarnuave Evnariman
atviy L.I\PUIIHIUIIL
atinn = P
e National Guidebook for ADD'IcatIOI‘l
of | lurlrnn nmnrnhln Accencama
yUI Ua Viliwvi 'JIIIU r\aacaalllclll
to Tidal Fringe Wetlands
0‘\6;0:“,% -
AN oy
gw@: Deborah J. Shafer and David J. Yozzo
Y4 pgores Technical Editors
Wetlands Ecology Branch
U.S. Army Engineer Waterways Experiment Station
N = W 3909 Halls Ferry Road, Vicksburg, MS 39180-6199
A | R E W WNMu

December 1998 — Final Report

vW / Approved For Public Release; Distribution Is Unlimited

| W'M‘ﬂ

e —
>

USDA R IR C e i, R
e | NALD m@ﬁmm
T S " LR %Rlcln S APIR SRINGE e
RN G NN A
HMW%WMM
%’M
WMYWMW[&W&
NN VAL S NV A A
SWENE NN A

(%6 AW Bt 480
AN/




The foliowing two letters used as part of the number designating technicat reports of research published
under the Wetlands Research Program identify the area under which the report was prepared:

Task Task
ce Critical Processes RE Restoration & Establishment
DE Delineation & Evaluation SM Stewardship & Management

This Operaiional Draft will be in effect for 2 years from date
of publication. Comments from users are solicited for I yea
from date of publication. Mail comments to the U.S. Army

Engineer Waterways Experiment Station, ATTN: CEWES-
ER.-.W 13909 Hazalls Ferrv Road. Vicksbure MS 3Q180-6199,

ER-W, 3909 Halls Ferry Road, Vicksburg, MS 3

-

@
[=))

T ;
publication, or promotional purposes. Citation of trade names
does not constitute an official endorsement or approval of the use
of such commercial products.



Wetlands Research Program Technical Report WRP-DE-16
December 1998

National Guidebook for Application
of Hydrogeomorphic Assessment
to Tidal Fringe Wetlands

by Deborah J. Shafer

U.S. Army Corps of Engineers
Waterways Experiment Station
3909 Halls Ferry Road
Vicksburg, MS 39180-6199

David J. Yozzo

Barry A. Vittor and Associates
668 Aaron Court, Building 6
Willow Creek Office Complex
Kingston, NY 12401

Final report =

Approved for public release; distribution is unlimited

Prepared for U.S. Army Corps of Engineers
Washington, DC 20314-1000

Under CRWRP Work Unit



US Army Corps X /P
[ Z o -7 .
of Engineers 4 i (" STt }
Waterways Experiment Vaa B |1 Teowooey |
Station A , [ ! i PR /-‘
A8 \li | i
§

ST VT ﬁ AW
"»Lw ~\§ f‘; SRR ; A

N 2 X PUBLIC AFFAIRS OFFICE
— 2T wgo;pkx*RRAgT
g | 7 RS
e ol

‘\x\\ﬁ\\\‘ /ﬁfﬂjﬁ""& \ 2 T
AN s o I

\

I = sone
Ny - -
»\LW ABEA OF RESERVATION « 2.7 sqkem

Waterways Experiment Station Cataloging-in-Publication Data

Shafer, Deborah J.
National gu«debook for apphcatuon of hydrogeomorphuc assessment to tidai fringe wetiands / by

Deborah J. bnarer David J. YOZZO preparea for U.S. l-\rm'y uorpb of Ellglllb‘clb

76 p. :ill. ; 28 cm. — (Technical repott ; WRP-DE-16)

Includes bibliographical references.

1. Wetlands — Classmcatlon 2. Ecosystem management. |. Yozzo, David J. II. United States. Army.
Corps of Engineers. lll. U.S. Army Engineer Waterways Experiment Station. IV. Wetlands Research
Program (U.S.) V. Title. VI. Series: Technical report (U.S. Army Engineer Waterways Experiment
Statuon) WRP-DE-16.

— 4an

TA7 W34 no.WRP-DE-16



| —
N g
2 Z ©
\ £22
S
s o
b
~— oo
I3 o o0 ©
., 4 (] = [
S e ~ £ £
3 vy O o o Z
.0 < o~ i 2 =
) 2o c < F Bt I P%H
2B 5} = < o LN = x 9
& D) o < Q ~ <3 > 1l =
T . /Ll B 3 = RN
! bt = &, (o9 L x . S 20 d
-~ o ) rv m. = ) T.. AN 3 mu K n oo
l.lhnr c wr,wv:.p. 5~ U 2 V;.SO/
5] ] < < 175} jol ﬂ. 4 [ .I..v e o = W g= = oo
S35 g S o 3] E £ 5 o Eo 9 5 S 2 < .
t.nnmh £85 9 - .mwv,\mm;m udc
mﬂao.xt = O L o mmvfmrw MnR
© = = 5 o = = T 30 <
3 RE-R- s S 23 o So2Es = 1K
5o o LT 2n=E - 5
S mbwmfmw _mﬂwmo,,mv munwwwm 324
~ .1r_f.s, . meQn S 7 g = nVW
= ) = & ) it \ 00 - Nx - nUx“v “— .
Q.0 , Qg o ’ 3 =5 o0
g 5258 mi_wa,,., s g LE% s
|2 20 — oL w > > O,H - O iy w = o o
e, <SP £ 3 b5 27 [ -2 =9 » o
s v,w‘marh c 5 S 5 &> SE g z5
S @ 2 29 =S F_,memu mvepre Eaz
g - = ) m -m ov - = .l,m m\w Vo) [R5 = o= m =~
o .%mwmu .MH ah M“S Qo S ch
1% m S 2 = e - = nw 9/ ,Q.w g .9 e mU 8 22 <
= = = g = :
4 ocsmmﬁ n.m.FE 20 ¢ muwun.yv, @ = g
5 .mbee] = L_n"vJ,r.A Q“eA_..u =
S...n , s = .W‘uqz fm..hu LE eIE
<t mm%ea.m @ S m"(\b@ a5 & T hwW
© Ccl.lh C.H, _.F..‘ un" S\../ nc.u O & — [n
= Q w Q= C-m” M_..QA. ) W.Iv ) S o< M%E
~— = O o L Ty - C [l - <
o D.musuo I_I“ V&.Lé ) saS
i m.tsedc A_.mnthvv( S £ L .mbsU
= , . = 7 S »
S gaemw.w V_w,L r = <3°
( 8 S £ 253 5 24 o8 & g% 5
— [ w = = - QO - = - 2 nl N 53
P < V,eﬁmn Lo S5 mwmmu ‘woa
ES ! S0 s &% oo g £ © B n CRal=
2 Ab X b m" m“ QL <F «3 (D) ) b 3 T
> g L= @] ) Q ) L == TU. e} = =l :
2 - 5 S3ECE4g : e Sg% 5 23
I — > @) QO e @) ) e [5) 5 = —_— n m e
5 Y MM P m W f [h) 5] S O G e Gn@ C w D - g 2 M
2 - ~ < & I 3 g 3 < = ) 2.8 I 5 = g
lm ™ ~ - = ] U” L P b @9 e = o0, -3 Q 2 Q <z
= Sy ) £ £ O ..m. = = o & <3 @ ) £ © =2 -
5 Fr e L L 5 = < Lo 3 m“ 5 G 8 = L kS oo o S = S
2 = g B0 A, T ou g S o = c 2 8 = = Ll = s =
a) Ju ) = S w5 © v = 2 = o 4 h 3 2 &= Z = 5
R o o = + = m. m__ .I. = R mw 5 o L — (] N Q
p— = .. c M — = ] ) - = 2 -4 >3 < - . ©
W e 8 9 S EES o 3 nm & E g« = © e < = W -
= (4v] = S © S — 273 § 2+ o .lmu.:w = z 2 = = <25
— o, ﬂb «» on i ‘ m, = e 13 (@) ,v e = 5 jan} et =3 i~ < =
m — 9 Q N o8] — Sw nw = n_. g) Qm Tl i) c 2 B
2 o AM.. nﬂ 2 m m = 8 =) 5 =5 £ & mw e ) -5 % .MW ) m £
7 Q o O 58 E S SE§ = g 8§ o >%5 8 < A —
Z 'v < <% © > T = ) m," T = Y - Hw A @ < [} \ e e
s <5 fJ,,. T E 3 Ea 2 Eg 2o mw s v e & v 2
, 2 S = < = BE=T Y [ o > = 05
o - ~ - ERc . 2 § 4 Q = 50
. o)) S <3 SEEELE B << 8 SEy
= . et 1 ; 3 - g o) -
o { S % mSmenmrmmwd_mw vasmue P S E
= — o = S Mo o S« ) B2 ) w2
53 - da cUarerre.%aﬂ N & °
Z — ] ~ (5] =g e d. = c g0 Ll C S
3} " = Seehh O 7 B - 23
a4 ! ) ) = 8 O = = o0 ., 7 ) (8 QRS
7)) S . .t.ms,medm,,qwmunu
5 N S E Esmms.wmmwn
3 ( S o D5 ‘e S 25
= D g% SS253
= . =g = =
= A S n T 8=
2 N s 23
5 SIS I
i
- 7)) S
c
Z AH
<

0.
4-365
)63

. (60

ne:

9180-6199, Pho

3

MS

. \ksburg’

NG

/




Preface ... e v
I—Introduction .. ..... . ... .. 1
Background .. ... ... ... 1
Purpose and Organization of the National Guidebook .................. 2
| S ORISRV A R o | ROIPIEY - SRy s
AyarogeomorpiniC UIASSITICALIUI . oo v v v v v v v iiicccvnevvceeee e v J
2—Characterization of Tidal Fringe Wetlands .. ........ ... ... . ... .. 7
Definition of Tidal Fringe Wetlands ............... ... 7
Limits in Geographic Scope and Approach .............. ... ... .. ... 7
r rr

Regional Boundaries . .. ... ... .. ... .. ... 8
Classification of Tidal Fringe Wetlands . . ... .......... .. .. .. ... ... 9
Reference Wetlands . ..... ... ... ... ... i 13
3—Assessment Models and Functional Indices ........................ 15
Modeling Approach and Assumptions ............ ..., 15
Descriptions of Functions and Variables ........................... 16
Tidal Surge Attenuation . ............ ...ttt 20
Sediment DepoSition . . ... ...ttt 24
Tidal Nutrient and Organic Carbon Exchange ....... S 27
Maintain Characteristic Plant Community Composition ............... 32
Resident Nekton Utilization ............ ... . i 34
_______ s N aldms TTallso al o 17
INONresidaent INEKion utiii L1810 1 N Ji
Nekton Prey Pool .. ... .. 39
Wildlife Habitat Utilization ........ ... ... . . . . i 43
4—Application Steps and Protocols ........... ... ... .. oo 46

Determining the Wetland Assessment Area and
the Indirect Wetland Assessment Area . ... ... ... 47
Determining Wetland Type ......... ... .. .. i, 48



Appendix A: Contributors to Model Development .....................
Appendix B: Regional Guidebook Development Sequence ..............

Appendix C: Definitions of Functions and Variables for Tidal Fringe
Wetlands .. ... ..



U
=

2
Q
O
¢

The work described in this report was authorized by Headquarters, U.S. Army
Corps of Engineers (HQUSACE), as part of the Characterization and Restoration
of Wetlands Research Program (CRWRP). Mr. Dave Mathis (CERD-C) was the
CRWRP Coordinator at the Directorate of Research and Development,
HQUSACE; Ms. Colleen Charles (CECW-OR) served as the WRP Technical
Monitor’s Representative; Dr. Russell F. Theriot, Environmental Laboratory
(EL), U.S. Army Engineer Waterways Experiment Station (WES), was Manager,
CRWRP; and Mr. Ellis J. Clairain, Wetlands Branch, Ecological Research
Division (ERD), EL, was the Task Area Manager. The work was performed
under the direct supervision of Mr. Clairain and under the general supervision of
Dr. Morris Mauney, Chief, Wetlands Branch; Dr. Conrad J. Kirby, Chief, ERD;
and Dr. john Harrison, Director, EL.

)
<
o}
>l
4
@)
[}
=)
2]
48
(=R
=
)
23
Q
B
o]
j=n
o)
::
o,
T
%
)
=
4]
Q
=1
e
<)
=
=
o
.
@
)
Z
.w

Jossel n, leuron Center for Envnronmental Studies, leuron CA Dr Ron
Knieb, University of Georgia Marine Institute, Sapelo Islapd, GA; Dr. Irving
Mendelssohn, Louisiana State University Wetland Biogeochemistry Institute,
Baton Rouge; Dr. Lawrence Rozas, National Marine Fisheries Service,
Galveston, TX; Mr. Charles Simenstad, University of Washington Fisheries
Research Center, Seattle; and Dr. Scott Warren, Connecticut College, New
London. The contributions of those who attended the National Tidal Fringe
HGM Workshop held in Charleston, SC, in September 1996 (Appendix A) are
gratefully acknowledged. Mr. Dan Smith, Wetiands Branch, EL, provided
comments on the final draft version of this document.

At the time of puomdu()n this report, Director o
- D
n

~L
1

............ 'a’e
L

a1 ~ -
YY Hdllll. bU[llllldllUCl wdad LU RUbl 1



vi

This report should be cited as follows:

Shafer, D. J., and Yozzo, D. J., eds. 1998. “National guidebook for
application of hydrogeomorphic assessments to tidal fringe
wetlands,” Technical Report WRP-DE-16, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

The contents of this report are not to be used for advertising, publication, or
promotional purposes. Clitation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.



s,
IEI
(i
r—
(o]
Q.
o
.y
O
-

[
[l
(

[ oo PP PN |
Dd ‘Kgrounu

The Hydrogeomorphic (HGM) Approach is a suite of concepts and methods
used to develop functional indices and apply them to the assessment of wetland
functions. The indices were initially intended to be used in the U.S. Army Corps
of Engineers regulatory program required under Section 404 of the Clean Water
Act to assess the impact of dredge and fill projects on wetlands. Other potential
uses such as wetland restoration planning and determining minimal effects under
the Flood Security Act have been subsequently identified.

A National Action Plan (NAP) to impiement the HGM Approach has been
cooperatively developed by the U.S. Army Corps of Engineers (USACE),
U.S. Environmental Protection Agency (USEPA), Natural Resources Conserva-
tion Service (NRCS), Federal Highways Administration (FHWA), and U. S. Fish
and Wildlife Service (USFWS) (U.S. Army Corps of Engineers 1996). The plan
outlines a strategy for developing regional guidebooks for assessing wetland
functions and for facilitating cooperation and participation by Federal, State, and

: = ° N r
cal agencies, academia, and the private sector in these efforts.

<3

The HGM Approach is implemented in two phases: _a Development Phase
and an Application Phase. Under the Development Phase, an interdisciplinary
team of regional experts is responsible for developing a regional guidebook by
classifying wetlands, characterizing a regional subclass, developing assessment
models for that subclass, and calibrating the models with data from reference
wetlands. The Application Phase involves utilization of the regional guidebook
developed under Phase One to assess a particular site or project, and inciudes
characterization, assessment and analysis, and appiication components. Potentiai

applications of the HGM Approach inciude, but are not limited to, the foliowing:

M M (13 4]
b. Establishing an objective and technically sound “currency” for use in
calculating mitigation ratios and credits
¢.  Evaluating the status of habitat restoration/creation efforts

Chapter 1 Introduction
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d. Planning habitat restoration/creation efforts.

¢. Providing a reference database on the functional status of wetland
ecosystems.

/- Guiding research efforts aimed at testing basic assumptions about ecosys-
tem form and function.

The utility of this approach toward wetland functional assessment is that a
given site may be assessed for its entire suite of functions or a subset of func-
tions, depending upon the ultimate management objective. The approach
requires basic information on the site that can be generated without significant
expense. Knowledge about the relationships between form and function upon

R TR TR T PR DU T (R DR I R P UL DY U [ S Y
wnicn tnése modacis are oased can also oe usea to dbblbl Wllll pldlllllllg ll Ulldl
ragtaratinn and/ar crantinm affrneto ond wanld allag, fae tha amnhacic ta ha nlanad
Iootuiativil atlll/ vl LlicatiVll OIS aiid woulu alivw 1Ul LT Cliipiiasis tu ve pilactcu
on the entire suite of functions or selected functions

There is no presumption that this assessment procedure is better or worse
than any other approach just because it may have been adopted for use by a

particular agency or firm. Because this functional assessment procedure is
completely open to review and examination and the documentation is explicit,
the method can be scrutinized and improved by addition or change as new
information becomes available on wetlands and their functions. Details may be
challenged or defended based on evidence and facts as they currently exist. The
intent of the HGM Approach is to improve consistency and predictability of
decision making in wetland regulatory programs by applying the best science
possible.

Purpose and Organization of the
National Guidebook
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A Guidebook for Application of Hydrogeomorphic Assessments to Tidal
Fringe Wetlands is the second in the series, and provides a template for
developing regional guidebooks for wetlands belonging to the tidal fringe class.
Many of the functions and variables included in this National Guidebook were
originally included as part of a separate rapid assessment procedure developed
by a nine-member interdisciplinary team of estuarine ecologists under contract to
the U.S. Army Engineer Waterways Experiment Station (WES). This document
also reflects input received from the regional specialists who attended the
National Tidal Fringe HGM Workshop held in Charleston, SC, in 1996
(Appendix A).

Chapter 1
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Wetland Classes
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Hydrogeomorphic Ciass | Definition

Tidal Fringe

Tida! fringe wetlands occur along coasts and estuaries and are under the influence of sea
ievel. They intergrade landward with rivering wetlands where tidal current diminishes
riverflow becomes the dominant water source. Additional water sources may be groun dwater
discharge and precipitation. The interface between the tidal fringe and riverine is where
bidirectional flows from tides dominate over unidirectional ones controlled by floodplain slope
of riverine wetlands. Because tidal fringe wetlands frequently flood and water table elevations
are controiled mainly by sea surface elevation, tidal fringe wetlands seldom dry for significant
periods. Tidal fringe wetlands lose water by tidal exchange, by saturated overland flow to
tidal creek channels, and by evapotranspiration. Organic matter normaiiy accumuiates in
higher elevation marsh areas where ﬂr\nr‘hnn is less frp(‘llanT and the wetlands are isolated

Lalielt Y marsy

from shoreline wave erosion by intervening areas of low marsh. Spartina alterniflora salt
marshes are a common example of tidal fringe wetlands.

Depression

Depressional wetlands occur in topographic depressions. Dominant water sources are
precipitation, groundwater discharge, and interflow from adjacent uptands. The direction of
flow is normally from the surrounding uplands toward the center of the depression. Elevation
contours are closed, thus allowing the accumulation of surface water. Depressional wetlands
may have any combination of inlets and outlets or lack them completely. Dominant hydrody-
namics are vertical fluctuations, primarily seasonai. Depressionai wetiands may iose water
Lh"rounh intermittent or pnrnpq!:\l Hrnlnanp from an outlet and hv pvannrranﬂmrafmn and, if
they are not receiving groundwater discharge, may slowly contribute to groundwater. Peat
deposits may develop in depressional wetlands. Prairie potholes are a common example of

depressional wetiands.

Slope

Slope wetlands normally are found where there is a discharge of groundwater to the land
surface. They normally occur on sloping land; elevation gradients may range from steep
hillsides to slight slopes. Slope wetlands are usually incapable of depressional storage
because they lack the necessary closed contours. Principal water sources are usually
groundwater return flow and interfiow from surrounding upiands as weli as precipitation.
Hydrodynamics are dominated by downslope unidirectional water flow. Slope wetlands can
occur in nearly flat landscapes if groundwater discharge is a dominant source to the wetland
surface. Slope wetlands lose water primarily by saturation subsurface and surface flows and
R B, P | ~rha ale carva nanty tn

DY evapotransplratlon Dlope wetlands may Uevulup channels, but the channels serve only to
convey water away from the slope wetland. Fens are a common example of slope wetlands.

LY. Yy CAil Clasa
Mineral Soil Flats

“‘:r\l\r'\! anil ‘lntn nen Aot A

winicia
floodplain terraces where the main source of water is precipitation. They receive virtually no
groundwater discharge, which distinguishes them from depressions and slopes. Dominant
hydrodynamics are vertical fiuctuations. Minerai soii fidts iose water by evapotranspiration,
saturation overland flow, and seepage to underlying groundwater. They are distinguished
from flat upland areas by their poor vertical drainage, often due to spodic horizons and
hardpans, and low Iateral dramage usually due to Iow hydraultc gradlents Mmeral soil flats
that accumuiat i
soils are a com

e bottoms, or large
e Dottor

e
mon example of mineral soil flat wetlands.

—————— A
Organic Soil

Organic soil flats, or extensive peatlands, differ from mineral soil flats, in part because their
elevation and topography are controlled by vertical accretion of organic matter. They occur

commonly on flat interfluves, but may also be located where depressions have become filled
wnth peat to form a reiatively large fiat surface. Water source is dominated by precipitation
nd flow and seepage to underlying groundwater.
Ralsed bogs share many of these characteristics, but may be considered a separate class
because of their convex upward form and distinct edaphic conditions for plants. Pomons of
the Evergiades and northern Minnesota peatiands are comimo
wetlands.

Chapter 1 Introduction




Table 1 (Concluded)

Hydrogeomorphic Class | Definition

I’\IVI;'IHIQ: F\IV!;‘IIIIU wuuanuo occur Ill I|UUUPId"|b al"u llpdlldll bUlllUUlb III dbbUbldllUll WIlII bllﬂdl”
channels. Dominant water sources are overbank flow from the channel or subsurface
hydrologic connections between the stream channel and adjacent wetlands. Additional
water sources may be interflow and return flow from adjacent uplands, occasional overland

flow from adiacent uplands, tributary inflow, and precinitation. At the headwaters riverin
aOW TCm aGjacent upiandas, whiouiary innidw, G precipiauon. the headwaters, riverine

wetlands may intergrade with slope or depressional wetlands as the channel (bed) and bank
disappear, or they may intergrade with poorly drained flats or uplands. Perennial flow is not
required. Riverine wetiands may iose surface water via the return of fioodwater to the
channel after flooding, and through saturation surface flow to the channel during rainfall
events. They lose subsurface water by discharge to the channel, movement to deep
groundwater, and evapotranspiration. Peat may accumulate in off-channel depressions
{oxbows) that have become isolated from riverine processes and subjected to long periods
of saturation from groundwater sources. Bottomland hardwood floodplains are a common

example of riverine wetlands.

Lacustrine Fringe Lacustrine fringe wetlands are adjacent to lakes where the water elevation of the lake
maintains the water table in the wetland. In some cases, these wetlands consist of a
fioating mat attached to iand. Additionai sources of water are precipitation and groundwa-
ter discharge, the latter dominating where lacustrine fringe wetlands intergrade with uplands
or slope wetlands. Surface water flow is bidirectional, usually controlled by water- Ievel
fluctuations such as seiches in the adjoining lake. Lacustrine fringe wetlands are indistin-
guishable from depressional wetlands where the size of the lake becomes so small relative
to fringe wetlands that the lake is incapable of stabilizing water tables. Lacustrine wetlands
lose water by flow returning to the lake after flooding, by saturation surface flow, and by

evapotranspiration. Organic matter normally accumulates in areas sufficiently protected

from shoreline wave erosion. Unimpounded marshes bordering the Great Lakes are a
N snorenr 10T vnimpoungegd ny g

common example of lacustrine fringe wetlands.

The National Guidebook is not an assessment manual because “manual”
connotes a procedure that can be taken to the field and immediately applied.
Brinson et al. (1995) pointed out that National Guidebooks describing the HGM
Approach are not for direct application by environmental consultants, agency
personnel, and others who assess wetland functions under the 404 regulatory
program. Instead, the guidebooks serve as templates for the development of
regional HGM guidebooks. For a guidebook to be appiica'pie by field personnel,
me assessment moaels that are at the heart of the Approgcn must first be tested

ctiveness under iocal and regionai conditions. The
M + M An M

......... t models must also be calibrated using data obtained from reference
dADSCSSHITICH l 10ACILS MIUSL 4150 DC Cdillvratcd ualllg ddid OLDLAHICU ITOIN ICICICIICC
watlandg
yyoiLiainus.
A seauence of stens must be followed for develoning a recional cuidebook
A sequence of steps must be 1oliowed Tor developing a regional guiaedook
for a wetland subclass as outlined in Appendix B. This process normally

requires an interdisciplinary assessment team (A-team) effort. Ideally, the
A-Team should consist of lndividuals knowledgeable in hydrology, geomorphol—
ogy, plant ecology, ecosystem ecology, population ecology, soil science, wildlife
biology, and other related disciplines. In order to ensure consistency, each A-
Team should be coordinated through the regional Corps of Engineers office and
include members from key Federal and State regulatory agencies. In this way,
quality assurance in data collection, analysis, and compilation can be ensured
and a centralized regional depository of information can be established and
maintained for future use.

Chapter 1 introduction



This document is organized around the major components of the development
phase of the HGM Approach. Chapter 1 provides background information on the
HGM Approach, outlines basic principles, and sets the scope and objectives of
the National Tidal Fringe Guidebook. Each of the seven wetland classes defined
under the HGM classification system is briefly described. Chapter 2 presents a
detailed characterization of the tidal fringe wetland class and a rationale for
defining regional tidal fringe wetland subclasses. The concept and role of
reference wetlands is also presented. Chapter 3 contains the definitions of the
functions and variables which make up the conceptual assessment models.
Chapter 4 outlines a generic assessment protocol for assessing the functions of
tidal fringe wetlands.

Hydrogeomorphic Classification

Wetlands occur in a wide range of geological, climatic, and physiographic
conditions. This variability presents a challenge to developing accurate and
practical techniques for wetland assessments that can be performed within the
short time frames typically required. More “generic” methods, designed to
assess multiple wetland types, often lack the resolution necessary to detect
significant changes in function. The HGM classification (Brinson 1993) was
developed to address this problem by identifying groups of wetlands that
function similarly, thereby reducing the level of variability.

Under the HGM classification system, wetlands are grouped using three
fundamental criteria that influence wetland function, developed by Brinson
(1993): geomorphic setting, water source, and hydrodynamics. Geomorphic
setting refers to the landscape position and geologic evolution of a wetland.
Water source refers to the origin of the water just prior to entering the wetland,
primary water sources include precipitation, surface flow, and groundwater.
Hydrodynamics refers to the energy and direction of water flow within a
wetland. Seven broad classes of wetlands are recognized: piverine (floodplain,
riparian, and channel environments), tidal fringe (occupying coastal margins),
lacustrine fringe (lake edge), depressional (prairie potholes, playa lakes), slope
(seepage areas), mineral flats (wet pine savannas), and organic flats (peatbogs)
(Table 1). Each wetland class has been identified based on significant differ-
ences in variables that affect functional attributes of these wetlands, in addition
to any regional differences. Tidal wetlands, for example, constitute an important
wetland category and by definition belong to the Class Tidal Fringe in that they
occur along the shoreline of coastal ecosystems and are subject to the ebb and
flow of tides. Intertidal marshes, forested swamps along tidally influenced river
reaches, and mangrove swamps are all included in this class.

National guidebooks are prepared to characterize wetland classes, including
general functions and variables. Wetland classes are further subdivided into
regional subclasses, based on additional wetland attributes such as soils, vegeta-
tion, slope, and other features. Regional guidebooks are prepared for these
regional subclasses, and include a detailed characterization of the regional

Chapter 1 Introduction
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wetland subclass. The regional guidebooks provide information about specific
functions and variables and assessment models calibrated with data derived from
a suite of reference sites.

To facilitate development of regional guidebooks, WES is developing a
National Guidebook for each of the seven wetland classes described in Table 1.
These seven classes are the result of applying Brinson’s (1993) hydrogeo-
morphic criteria of landscape setting, water source, and hydrodynamics to
wetiands at a national scaie. The purpose of these Nationai Guidebooks is to

provide a conceptual template for developing regional guidebooks by character-
izing the wetland class, identifying and defining important functions performed
by the wetland class, identifying model variables to represent characteristics of
the wetland and surrounding landscape that influence the function, and develop-
ing conceptual assessment models for deriving functional indices. In effect,
these models also describe hypotheses about the relationships between form and

function within wetlands. Each model is defined based on the physical and
biotic factors that are believed to influence the performance of that function and
which may serve as indicators of the level of function (i.e., variables in assess-
ment models). Variable measures are scaled from 0 to 1 based on the natural
range of these variables within each wetland type (i.e., values derived from
reference sites). Model calibration and verification occur at the regional level,

and depend on the collection of regional reference data sets.

Chapter 1
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2 Characterization of Tidal
Fringe Wetlands

Definition of Tidal Fringe Wetlands

This National Guidebook provides a template for developing regional
guidebooks that can be used to apply the HGM Approach for wetland functional
assessment to tidal fringe wetlands. For the purposes of this approach, the term
tidal fringe wetlands applies only to vegetated habitats occupying the intertidal
zone of marine, estuarine, or riverine systems. Specifically, these wetlands
occur along the fringe of drowned river valleys, barrier islands, lagoons, fjords,
and other coastal waterways; receive their water primarily from marine or
estuarine sources; and are affected by astronomical tidal action. Included in this
group are wetlands commonly known as intertidal marshes, salt marshes,
forested riverine swamps, and mangrove swamps and correspond to the
emergent, scrub-shrub, and forested wetland class designations used by
Cowardin et al. (1979). The dominant hydrodynamic is bidirectional water flow
generated by tidal action. Additional water sources may be riverine flow,
groundwater discharge, and precipitation. Tidal fringe wetlands lose water by
tidal exchange, by saturated overland flow to tidal creek channels, and by
evapotranspiration. Organic matter normally accumulates in higher elevation
marsh areas where flooding is less frequent and the wetlands are isolated from
shoreline wave erosion by intervening areas of low marsh. Spartina alterniflora
salt marshes are a common example of tidal fringe wetlands.

Limits in Geographic Scope and Approach

The geographic scope of this National Guidebook is limited to the continental
United States. This decision was based on the conclusion that wetlands in the
arctic and tropical regions of the United States (i.e., Hawaii) are functionally
different enough from those in the more temperate regions of the country to
warrant separate consideration. For similar reasons, tidal riverine swamp forest
and mangrove forest, while considered as tidal fringe wetlands under the HGM
classification scheme, are not included within the scope of this National
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Guidebook for the functional assessment of tidal fringe wetlands. To a large

degree, these exclusions reflect the dearth of information about these systems

compared with that for the grass- and sedge-dominated tidal marshes. This

guidebook, therefore, is restricted to nonforested tidal systems. This approach

aiso considers regional differences in the biotic structure of tidal wetlands and

aiso recognizes the possibility for regionai differences in function. Submerged
N

aquatic beds are also excluded rrom assessment because they are not defined as
- the Corps reguiatory program.

For the purposes of initially subsetting tidal fringe wetlands into regional
wetland subclasses, the continental United States is subdivided into nine regions.
The borders of these regions reflect a combination of major break points in
overall tidal range and biota. With some exceptions (particularly the Gulf coast
and subunits of the mid-Atlantic), the regional boundaries parallel the estuarine
and marine provinces defined by Cowardin et al. (1979). The regional
boundaries and characteristics are as follows:

a. North Atiantic (Eastport, Maine, to Cape May, New Jersey). Large tidal
range (> 3 m), characterized by boreai biota to the break point of Cape

NA A

May, New JCI‘SCy mcnuaes the Acadian and part of the V lrglman

c
Moderate tidal r ) I I
temperate species. Th gion includes the Delaware and Chesapeake
Bay estuaries and, except for the exclusion of the microtidal Albemarle
and Pamlico Sounds, parallels the Virginian Province of Cowardin et al.
(1979). v

c. South Atlantic (Virginia Beach, Virginia, to Indian River, Florida).
Primarily temperate in nature (largely the Carolinian Province of
Cowardin et al. (1979)), subdivided into three subregions (north to south)
based on gross differences in tidal regimes:

e.g., Pamlico
(2) Macrotidal (tidal range 1-3 m, e.g., the Georgia Bight)
(3) Tidally restricted lagoons (e.g., Indian River Lagoon)
d. South Florida (Indian River, Florida, to Cedar Key, Florida). Moderate
to small tidal range (< | m), with subtropic to tropic biota. Includes
marsh and mangrove habitats. Part of the West Indian Province of

Cowardin et al. (1979).
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e. Northeast Gulf (Cedar Key, Florida, to Pearl River, Mississippi). Small
tidal range (< 1 m), meteorologically dominated diurnal or semidiurnal
tides. Freshwater input primarily from small to moderate size coastal
plain river systems. This region and the following two regions form the
Louisiana Province of Cowardin et al. (1979).

\-’

f- North Central Guif (Pearl River, Mississippi, to Gaiveston Bay, T
Small tidal range (<im), meteoroiogicaiiy dominated di'ur“nal ti des

AdtA

F resnwater mput pnmaruy

Northwest f'u/f(na!\/es

o
C
S

'\’
~
-
£

h. South Pacific (Baja Peninsula, California, to Cape Mendocino,
California). Moderate tidal range (1-2 m), temperate biota, low levels of
freshwater runoff (the Californian Province of Cowardin et al. (1979)).

i.  North Pacific (Cape Mendocino, California, to southeastern Alaska).
Moderate (1-2 m) to large ( > 3 m) tidal range, temperate and boreal
biota, large inputs of freshwater (the Columbian Province of Cowardin
et al. (1979).

Classification of Tidal Fringe Wetiands

1 wetland « 3 > Ve
hvdrologv salm and vegetation type, should b on51dered ( Table 2) The
order in Wthh these factors are presented reﬂects their assumed relative
importance in determining the types and levels of wetland functions across these
gradients. -

Table 2

Basis for Development of Regional Tid
Subclasses

il Fringe Wetland

*m

: Tidal Frin

ONAL SUBCLASSES based on:

a. Surface Hydrology (regularly flooded, irregularly fiooded)
b. Salinity (saline, brackish, fresh)

~ Varatatinm Tuma fmavrabhan favan: o B Y s Yo
L2 VUECIGIIUII 1 ype (tnai §"‘=§, IUI Toleu 5““'“}.}5’

22
U')

A
AS
EGI

Crivfana hudrvalacog
Suriaivt nyuruivy
The influence of astronamical tidac ic the maior factor affecting
1 ¢ INNIUCNCE Of astronomica: tiaes 1s tn€ major 1aclor arecting ica:
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axes (e.g., along coastal rivers). The hydroperiod of these wetlands is affected
by both short-term lunar (14- and 28-day) and long-term seasonal cycles in the
height of the tides. In some areas, meteorological influences may also be
important, but these effects are more difficult to predict due to their random
nature. By definition (Cowardin et al. 1979), the intertidal zone refers to that
portion of the tidal zone (area under the influence of fluctuating tides) that is
alternately exposed to air and flooded by water during the tidal cycle and
includes the vertical range between the extreme high and low water levels of
spring tides. Most vegetated intertidal wetlands occupy the upper region of the
intertidal zone, between the seaward extent of growth of emergent vegetation
and the extreme high water level. Within riverine systems, tidal wetlands extend
horizontally to the upstream limit of tidal influence and may or may not be
exposed to fluctuating salinities (e.g., tidal swamps, tidal freshwater marshes).

The source, frequency, and duration of water exchange affect the rates and
sometimes the direction of various physical, chemical, and biotic processes (i.e.,
functions), the most recognizable consequence of which is the zonation patterns
of vegetation in coastal marsh habitats. These patterns have been attributed
largely to a combination of hydroperiod, the effect of hydroperiod on physical
and chemical properties of wetland soils (e.g., soil texture, chemistry, and
oxygen levels), and interspecific competition (Redfield 1972; Ball 1980; Niering
and Warren 1980; Nixon 1982; Odum et al. 1984; Vince and Snow 1984;
Bertness and Ellison 1987; Latham, Pearlstine, and Kitchens 1994). Other
wetland functions, such as nutrient exchange and use of the habitat by aquatic or
terrestrial organisms, are also directly affected by hydroperiod. Tidal creeks and
rivulets are important conduits for the exchange of water and associated
nutrients, particulates, and organisms (Rozas, Mclvor, and Odum 1988) and
contribute to increasing the “edge” between the vegetated and unvegetated
portions of the intertidal zone. Edge is considered a major variable in the current
method: the greater the edge, the greater the “potential” for exchange of
waterborne materials and/or organisms. In general, low-elevation marshes are
dissected by a greater number of tidal creeks and rivulets compared to higher
zones. In their description of marsh development patternsy;Frey and Basan
(1985) associated this phenomenon with the relative age and vertical position of
a given marsh and the associated level of tidal exchange (i.e., younger low-
elevation marshes have greater numbers of creeks). Redfield (1972) observed
that New England high marshes were characterized by fewer creeks and pond
holes or pannes. Basan (1979) further noted that, in addition to having fewer
creeks, high marshes were more strongly influenced by extreme tidal conditions
(i.e., spring high tides) and freshwater runoff from adjacent uplands. From a
functional perspective, therefore, regularly flooded and irregularly flooded
portions of intertidal wetlands (i.e., low and high marshes, respectively)
represent fundamentally different zones based on hydrology and geomorphology.

The current state of knowledge concerning form and function does not
support more than a gross division of tidal wetlands relative to this modifier. For
this reason, two major divisions of the intertidal zone are recognized based on
flooding regime: regularly flooded where tidal waters alternately flood and
expose the marsh surface at least daily, and irregularly flooded, where the marsh
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surface is flooded less than daily (Cowardin et al. (1979)). These categories
largely correspond to the low and high marsh habitats defined by Nixon (1982)
and Bertness and Ellison (1987). This division implies a general separation of
the hydroperiod based solely on flooding frequency and eliminates consideration
of the highly variable flooding duration component of the hydroperiod. Regional
conditions (e.g., small-tide range and/or wind-dominated areas) may lead to
variation in the definition of flooding frequency and may be reflected in the
values used to separate categories. in some regions, further subdivision of the

intertidal zone based on flooding regime may be necessary. For example, tidal
marshes along the northeastern Gulf of Mexico may be classified into three

AAAAAAAAA Fonmsinamtle, 111 14 Alasrntiae nfFen~iiantls Anda
categor ies (i.e., trequently fiooaeaq, iow eievation; i ift qucuﬂ_y flooded,
midelevation; and rarely flooded, high elevation)

A horizontal salinity gradient ranging from polyhaline or euhaline
(occasionally hyperhaline) conditions in some estuaries to fresh conditions in
associated riverine systems is characteristic of many estuaries. Salinity affects
wetland function primarily through its effect on chemical processes and
organism distributions. Tidal freshwater marshes and tidal swamps are located
on the freshwater end of the scale with a gradation of tidal marsh “types”
extending to the euhaline part of the range. The salinity categories used by
Cowardin et al. (1979) (Table 3) are proposed for use in the Guidebooks.

Table 3

Classification Levels for Salinity

ievei Saiinity, ppt

fresh <0.5

Mixohaline 0.5-30.0

Euhaline 30.0 - 40.0 !
_Hyperhaline >40.0

Vegetation type

Wetlands are often classified by the dominant vegetation type (Golet and
Larson 1974; Shaw and Fredine 1956). Marshes, for example, are dominated by
grasses and sedges; swamps by trees. In the case of tidal wetlands, most fall
within the category of marshes, but some important exceptions inciude tidaily
influenced swamp forests, mangrove swamps, and shrub/scrub wetiands. From a
functional perspective, these aeSIgnatlons are |mportant because vegetauon isa

1 £ . Y A ~ PRy PR I o SRS
key factor determining the types and magnlt s of some wetiand functions.

| PR I U [ AL L Lt it £ nnnn P PR N 1 oo v~ o i dn
From the standpoint of habitat, for example, ‘hc vegetative structure of a tidal
swamp (large trees) contrasts greatly with that of an adjacent grass-dominated

Chapter 2 Characterization of Tidal Fringe Wetlands 11



—
N

marsh in terms of the kinds of organisms that it can support. Additional biotic,
chemical, and physical functions are similarly influenced by these differences.

The effect of salinity on form and function varies along a horizontal gradient
within a given tidal region (i.e., estuarine or marine system) and, in combination
with site hydrology and climate, affects the vegetative form and species
composition of tidal wetlands. The type and form of the vegetation
characteristics of these wetlands, therefore, may be used as indicators. The
oounaary between tne two major hydrological zones (i.e., regularly versus
oughly correspon nds to the mean 'n'g -water mark and may
fic low-elevation piant
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zones of northwest Paciﬁc coast marshes (Seliskar and Gallagher 1983). As
reported by McKee and Patrick (1988), however, the exact upper elevational
extent of growth of Spartina alterniflora cannot be fixed to a consistent tidal
datum (e.g., mean high water), but rather is influenced by the mean tidal range
and maximum tidal range.

Exceptions include Alaskan marshes (Vince and Snow 1984), which by this

definition are all infrequently flooded, and tidal freshwater marshes (Odum et al.
i984), which generally occur below the mean high-water level. Frequently
flooded areas (i.e., low marsh) of tidal freshwater marshes consist of a mixture
of broad-leafed emergent species (e.g., Peltandra virginica, Nuphar luteum, or
Pontederia cordata), which changes with latitude (Odum et al. 1984). The high
marsh typically supports a mixture of grasses and other herbaceous species.

Although vegetation patte
regions wnthm tidal habitat I nd rel
zones vary on a reglonal ba31s and reoresent arv' ng degrees of mundatlon
associated with local tidal patterns and geomorphic setting (e.g., basin
morphology, slope, etc.). Recognition or consideration of many of these
microhabitats is beyond the scope and ability of the Tidal Fringe HGM

Assessment method being developed.

Under this classification system, tidal fringe wetland types are characterized
by specific combinations of hydrologic and salinity regimes (e.g., a regularly
flooded, poiyhaline marsh) within each of the defined geographic regions.
Functionai profiies for each wetland type identified in each region will provide
reference information about the physical, chemical, and biotic characteristics
L y

that define those types. This information can be used to identify or verify the
wetland type that is being assessed. Some of this information may also be used
as input variables to assessment models. More importantly, these profiles will
eventually include reference standard values for each assessment model, as these
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values are derived from application of the method to the reference wetlands in
each regional reference domain.

Reference Wetlands
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and also provides detailed instructions for identi fva reference wetlands and
determining reference standards. The HGM Approach uses reference wetlands
for several purposes. First, they provide a concrete, physical representation of
wetlands ecosystems that can be observed and measured. Second, they establish
the range and variability of conditions exhibited by the Regional Wetlands
Subclass in the reference domain (i.e., the geographic area represented by the
reference wetland). Finally, they provide the data necessary for calibrating

assessment model variables and functional indices (Smith, in preparation).

Variable measures are calibrated by comparison with reference wetlands that
represent the natural range ot these varlables wrthln each wetlana sut)CIass
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reference wetlands

Reference wetland data have not been provided in this document because it
would be inappropriate to do so.- The functional assessment models in a
National Guidebook are of a conceptual nature only; by definition, the collection
of reference data and model calibration and verification must occur at a regional
level.
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Table 4

Categories and Nomenclature for Reference

Term
er

Reference domain

e geographic area from which reference wetiands representing the
egional subclass are selected (Smith et al. 1995, p. 29)

SUuDCIAss sSelecied eld J39, P

ancamnacs tha keaun romeas sorint he n:ylulldl

ands that €NCoimpadass tne KNoOwn range of variation in t!
subclass resulting from natural processes such as disturbance and
anthropogenic alteration. They are used to establish the range of
functioning within the subclass.

The sites within the reference wetland data set that achieve the
l]lgﬂésf sustalname leVeI OT TUnCIIO!‘IS uenerally Iney are the leasr
altered wetland sites in the least altered landscapes. By definition, the

functional capacity index is 1.0 in reference standard wetlands.

Reference standard
variable conditions

The range of conditions exhibited by a group of reference standard
wetlands. By definition, reference standard conditions receive a
variable subindex score of 1.0.

Site potential

The highest level of function possible given local constraints of

CQita nntantial may

o
Site poieiniliai ifidy o€

Aictiirhanman hictaen nr thar fantnra

viowuivailive IIIDLUIYI, }Gl’d U-‘.IC Ui vuict iauiluilo
less than or equal to the levels of function in reference standard
wetlands of the regional subclass.

Project target

The level of function identified or negotiated for a restoration of
creation project. The project target is based on the level of function in
el ] s

Aaranco ctandard uattande P T N |
€rence stanaara weuands ana,/or site potLeiiual.
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3 Assessment Models and
Functional Indices

Modeling Approach and Assumptions

In the HGM Approach assessment models are simple representations of
functions performed by wetland ecosystems that are constructed and calibrated
by the assessment team during the development phase. Assessment models
define the relationship between one or more characteristics or processes of a
wetland ecosystem or surrounding landscape and the functional capacity of a
wetland ecosystem. Functional capacity is simply the ability of a wetland to
perform a function.

Assessment model variables represent the characteristics of the wetland
ecosystem and the surrounding landscape that influence the functional capacity
of the wetland ecosystem. Model variables are ecological quantities that consist
of five components (Schneider 1994): (a) a name, (b) a symbol, (c) a measure of
the variable and a procedural statement for measuring the variable directly or
calculating it from other measurements, (d) a set of values that are generated by
applying the procedural statement, and (e) units on an appropriate measurement
scale. Table 5 provides several examples. -

Table 5

Components of a Model Variable

Name (Symbol) Measure/Procedural Statement Resulting Values Units (Scale)

Surface Manning's Roughness Coefficient (n). 0.01 Unitless

Roughness Vgouen | Visually observe wetland characteristics to determine adjustment | 0.16 (interval
values for roughness component. 0.20 scale)

Vegetation Density | Mean density of the dominant vegetation type. 36 stems/m?

Voen Measure stem density in sample plots, convert to area (m?). 112 (ratio scale)

378
Redoximorphic Status of redoximorphic features. Present Unitless
Features Vpepox Visually inspect soil profile for redoximorphic features. Absent (nomina!
scale)

Chapter 3 Assessment Models and Functional Indices
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Model variables can occur in various conditions that correspond to the range of
conditions exhibited by reference wetlands in a reference domain. For example,
vegetation species composition can be more or less diverse, flooding may be
more or less frequent, and soils can be more or less permeable. Model variables
are assigned a subindex ranging from 0.0 to 1.0 based on the relationship
between that variable condition and the functional capacity of the wetland.
When the condition of a variablie is similar to a reference standard defined for a
reterence domam it is assigned an index of 1.0. As the condition of the variabie
f erence stanaara l[ is assrgnea a progressively lower value

ca ltv mdex of 1. 0 exhlblt condmons srmllar to reference standards A
wetland ecosystem with an FCI of 0.1 performs the function at a minimal,
essentially unmeasurable level, but retains the potential for recovery. A wetland
with an FCI of 0.0 does not perform the function and does not have the potential
for recovery, in a practical sense, because the change is essentially permanent.

Descriptions of Functions and Variables

Tlhg Al m i A0 Gt Lot o b bt Nl Y E

1 nc CnoiCe O1 Tunctions wtnat were 1nciuaca 1 s ZNauondI UuiaCDOOK wdd
made based on a combination of previous reviews of wetland form and function
Qathar and Cmith 1Q%4: Qtrirkland 104 Qimaoanctad at al 10Q1) ac wall ac the
\L)al.ll\/l QAL DI 1 70'1, Jurivaialiu o1 70\1, uliviiowau ve al. 1 /s l}, QAo YYVil Ao uiw
ideas of the workshon narticinants { Annendix A) and others invalved in the
ideas of the workshop participants (Appendix A) and others involved in the
development of HGM assessment techniques (Brinson et al. 1995; Smith et al.
1995). Because the models in this National Guidebook are not intended to be

- i
taken to the field and directly applied, they are intentionally general and
inclusive, rather than specific. By adapting from the generalities of the tidal
fringe class to specific regional tidal fringe subclasses, -the procedure can be

made responsive to the specific conditions found in the region of interest.

The functional assessment models derived for the tidal wetland HGM
Approach utilize a series of measured, recorded, and/or calculated variables that
reflect the extent to which selected physical (e.g., amount of edge), hydrologic
(e.g., flooding duration and frequency), geographic (e.g., connection with the
greater ecosystem), and biotic (e.g., type of vegetation) characteristics of a given
site affect the aomty of tnat site to perrorm certain functions. varlaole measures

l
PV BT P Ay Y o I +
L

Appendix C lists definitions and variables for tidal fringe wetlands.
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marsh, therefore, will fall within a range of “fisheries potential” based on factors
(e.g., flooding duration, amount of creek to marsh edge) that determine the
relative time during which fishes have access to this resource (i.e., the marsh
surface). Scales for each factor may vary among regions reflecting variation in
marsh characteristics. This latter point is the prime reason for the
regionalization of this method. Any wetland assessed using this method will be
compared with similar wetlands in its respective region.
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